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Overview

D+D

T + p + 4.03 MeV (proton branch)

Below are charts showing the S-values for each branch along with
the branching ratios for the cross sections.
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If the physics behind the branch dynamics of the DD reaction
were better understood, it would be possible to control which
branch, proton or neutron, is produced from the reaction and
ultimately minimize the total number of neutrons from the reaction.
This poster explores the idea of branch dynamics for the DD
reaction and which branch would be the best option.

Key Findings
Two possible theories for controlling DD branch selection:
1)

2)

Experts in the field of atomic physics have suggested that the
DD reaction may occur as follows:
T + p + 4.03 MeV
4He
D+D
3He + n + 3.27 MeV
where the decay of the excited alpha particle is dependent
on the characteristics of its excited energy levels. Future
research should focus on how to specify the excited states of
the alpha particle such that decay occurs for only the desired
branch.
Controlling the ratio of production of one branch to the other.
The proton and neutron branches dominate the reaction at
different energy ranges. For example, at higher energies, the
S-function, which describes the nuclear physics occurring
within the reaction, indicates that increasing the temperature
for a fusion reaction would actually increase both the cross
section and the reactivity for the neutron branch, allowing
less energetic neutrons to be produced. Below is the Pade
polynomial for the S-function currently used to fit the R-matrix
values calculated by Bosch and Hale (1992) [1] that most
accurately matches experimental data.
S(E) = A1+E(A2+E(A3+E(A4+E*A5)))
(1+E(B1+E(B2+E(B3+E*A4))))
where the A parameters can be found in Table IV of [1] and
the B parameters are zero for DD reactions.
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Catalyzed Deuterium

S-value

The best fuel options for fusion power (Deuterium-Deuterium and
Deuterium-Tritium) produce some of the highest energy neutrons,
which presents a major radiation safety risk for any fusion
powered facility or space based propulsion system. Catalyzed
deuterium alone produces a minimum of 2 neutrons, with the
secondary DT reaction producing neutrons of ~14 MeV.[2]
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Proton Branch
D+D
T + p + 4.03 MeV
4He + n(14.1MeV) + 17.6 MeV
D+T
3D
p + n + 21.63 MeV
Neutron Branch
3He + n(2.45 MeV) + 3.27 MeV
D+D
4He + p + 18.3 MeV
D + 3He
4He + n + p + 21.30 MeV
3D

Benefits of Branch Selection
50% fewer neutrons per branch
~5 times less energetic neutrons in neutron branch than those
produced in secondary DT reaction in proton branch
Less shielding required
Improved safety for facility personnel and/or astronauts
Conclusion:
Given the lower neutron energies, higher S-values and cross
section ratio at higher energies, the neutron branch appears to be
the best choice if branch selection could be controlled. However,
more advanced research is needed to determine the exact
mechanisms governing the branch outputs, including the
possibility of controlling the excited states of the initial alpha
particle, to produce either one specific branch or a higher output
of the neutron branch.

Impact
Controlling the branch dynamics of the D-D reaction could
significantly improve the safety from radiation effects in fusion
based power system. The less neutrons that are produced and
the smaller their energies, the less shielding a system will
require and less exposure occurs for personnel operating the
system.

Explanation

A major concern of fusion based propulsion systems for deep
space missions is the high production and high energies of the
neutrons produced during reactions. If branch selection could be
implemented and less shielding used, the weight of the vehicle
and ultimately the cost could reduce significantly.
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